In this research (PANI/CNT) core/shell nanocomposite were synthesized via in situ chemical oxidative seeding polymerization‚ the results of SEM indicated the structure of synthesized nanocomposite. TEM‚ FTIR‚ UV-Vis‚ XRD analyses of samples showed that this nanocomposite is decorated with (Fe‚ Co) oxide nanoparticles. The VSM test of as prepared and annealed nanocomposite exhibited the saturated magnetization of 1.1 and 3.86 emu/g, respectively; the coercivity values were also − 350 and − 110 Oe, respectively. The reflection loss characteristics of (Fe‚ Co) oxide-Pani-CNT core/shell nanocomposite were also investigated with a vector network analyzer‚ in the 8.2-12.4 GHz range (X band). The maximum absorption increases with enhancement of the dispersed nanoparticles percent in polyurethane matrix from 1 to 10%. The value of the maximum reflection loss in the absorption samples with 1 and 10% of nanoparticles is − 2.14 dB at 9.33 GHz and − 7.32 dB at 11.97 GHZ, respectively.
Introduction
The microwave absorbing materials have been greatly used in the masking technology of aircraft, television image interference of the tall buildings and microwave dark-room as well as electromagnetic interference (EMI) [1] [2] [3] [4] . In the last four decades, conducting polymers (CPs) have gained a special status owing to wealth of applications [5] [6] [7] [8] . shielding and microwave absorption properties of these polymers can be explained in terms of electrical conductivity and presence of bound/localized charges (polarons/bipolarons) leading to strong polarization and relaxation effects [9, 10] . Among conducting polymers, polyaniline (PANI) is a good nominated for the microwave absorber material due to its easier synthesis, lower cost and interesting characteristics such as thermal and chemical consistency, Low density, manageable conductance and high conductivity at microwave frequencies [11] [12] [13] . It has been reported that the microwave absorbing property of conductive polymer absorbent can be modified at presence of iron oxide magnetic nanoparticles (Fe 2 O 3 ) [14] . In comparison with metal and ferrites powders; Carbon nanotube is an absorbent material with lower density and excellent absorbing properties [15, 16] . In this research PANI-modified CNTs have been synthesized with facile chemical method [17] [18] [19] [20] ‚ (Fe‚ Co) oxides were synthesized by reduction of Fe 3+ and Co 2+ ions on the surface of PANI branches at the presence of argon flow. Eventually, the magnetic and microwave absorbing properties of this nanocomposite were studied, which have not been reported in the previous publications.
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Experimental details
Materials
Aniline (Merck, Germany). Carbon nanotubes CNT, with length of 10-30 µm, external diameter 10-20 nm and surface area > 200 m 2 g −1 were purchased from neutrino company. Hydrochloric acid (HCl, MP, Netherlands) and ammonium persulfate (APS, MP, Netherlands). FeCl 3 -6H 2 O‚ Co(NO 3 ) 2 -6H 2 O‚ NaBH 4 ‚ NaOH and (CH 2 OH) 2 were purchased from MP Co. analytical grade of H 2 SO 4 (MP, Netherlands)‚ HNO 3 (MP, Netherlands)‚ ethylene glycol (EG) and ethanol were purchased from pars chemistry.
Preparation
Preparation of CNT-PANI core shell 175 mL of mixed acid solution (HNO 3 /H 2 SO 4 2:5 v/v) was prepared and 1 g CNT was dispersed in it; the mixed solution was ultrasonically agitated for 6 h at 90 °C. Subsequently the suspension was filtered and washed by deionized water until its pH value got close to 5. Then CNT powder was collected and dried in a vacuum at 80 °C. In the following, 1 g CNT was dispersed in 50 cc aqueous solution containing 3.77 cc HCl‚ the suspension agitation has been done by bath ultrasonic for 30 min and during this time 7.04 cc aniline was added dropwise to the suspension‚ after that the mixture was stirred continuously in ice bath (0-4 °C) and the polymerization was initiated by the dropwise addition of ammonium persulfate [0.06 g (NH 4 ) 2 S 2 O 8 in 100 mL distilled water] and mixing was continued for 12 h. The reaction mixture was then filtered and washed repeatedly with distilled water and ethanol. The obtained wet CNT-polymer cake was dried at 60 °C for 2 h under dynamic vacuum condition.
Preparation of (Co‚ Fe) oxide nanoparticles decorated PANI-CNT
For a typical reaction, 30 mg PANI-CNT‚ 110 mg FeCl 3 -6H 2 O and 110 mg Co(NO 3 ) 2 -6H 2 O were charged into 50 mL EG, suspension agitating was done by bath ultrasonic for 30 min. 162 mg sodium hydroxide and 780 mg sodium borohydride were solved in 10 mL EG and this solution was then slowly added to the salt solution drop wise under argon flow in 30 min‚ the reaction was performed at 80 °C for 2 h under stirring. The prepared precipitate was then centrifuged at 2000 rpm to separate it from the top liquid‚ then the nanoparticles were washed with ethanol. Finally, the nanocomposite dried at 60 °C for 2 h under dynamic vacuum. Slightly of the dried sample was then annealed at 600 °C for 1 h under argon blow to get the desired crystalline nanoparticles.
Characterization
The infrared spectra of powdered samples were taken at resolution of 4.0 cm −1 in 400-4000 cm −1 range, using NICOLET 5700 FTIR spectrophotometer. UV-Vis absorbance spectra were recorded on a PerkinElmer UV spectrophotometer. Morphologies were observed using SEM (Leo 440, UK) and TEM (JEM-2100 Jeol, Japan). Powder X-ray diffraction (XRD) patterns of the samples were collected on an X-ray diffractometer (D8 ADVANCE, Bruker, Ltd., Germany) using Cu κα radiation. The measurements were made at 40 kV, 40 mA, and intervals of 0.02° s −1 with a time step of 0.5 s over the range of 10° < 2θ < 80°. Magnetic hysteresis loops were recorded at room temperature using of a vibrating sample magnetometry (VSM; LAKESHORE VSM 7404, Lake Shore Cryotronics, Inc., USA) with a maximum magnetic field of 8.5 kOe. The EMI shielding measurements were taken on pressed rectangular pellets (2 mm thick) placed inside the sample holder. The holder matches the internal dimensions of Ku band waveguide placed between the two ports of Vector Network Analyzer (VNA E8263BAgilent Technologies).
Results and discussion
Microstructural characterization
FTIR spectra analysis Figure 1a shows the FTIR spectra of (Fe‚ Co) oxide-PANI-CNT nanocomposite. Characteristic bands at 1111 and 1617 cm −1 correspond to the stretching modes of vibration for the C-C and C=C bonds, respectively, which can be attributed to CNT or PANI structure. Characteristic bands at 1453 cm −1 correspond to the C=C stretch in the quinoid and benzenoid structure of PANI. Also the bands at 1276 cm −1 are assigned to the C-N stretching mode of benzenoid units. According to the results, the existence of PANI in the form of emeraldine salt is confirmed [21] . Bands at 1390 and 3427 cm −1 are related to the carboxylic acid groups created on the surface of CNT, and the band at 1010 cm −1 is assigned to O-H deformation vibrations [22] . The 1276 cm −1 bands are assigned to the asymmetric C-N stretching modes of polaron structure of PANI [23] . peaks observed in positions 440 and 594 cm −1 are attributed to the vibration of iron and cobalt ions‚ These peaks have slight difference with the values reported in previous research [24] .
UV-visible spectra analysis
The UV-Vis spectra of the CNT, PANI‚ PANI-CNT and (Fe‚ Co) oxide-PANI-CNT nanocomposites are showed in Fig. 1b . The picks at 259 and 253 nm are related to CNT and PANI, respectively. The PANI-CNT composite demonstrated a peak at 263 nm and it was shifted by 4 and 10 nm compared to CNT and PANI spectra, respectively; which can be due to the interplay interfacial between PANI and CNT and approves the incorporation of functionalized CNTs in PANI chain. This furthermore shows that the interplay among the CNT and PANI layer makes electron delocalization between the nanocomposite easier and leads to increase of polymer electrical conductivity [25] . The UV-Vis spectroscopy results of Fe‚ Co and O doped PANI-CNT showed peaks in 208 and 227 nm‚ indicating augmentation of light absorption in the UV range and increase of bandgap energy of PANI-CNT by incorporation of transition metals (Fe‚ Co) and O under UV light irradiation. Figure 2a shows the SEM images of PANI-CNT nanocomposites; as it can be seen‚ The PANI-CNT nanocomposites have uniform morphology. SEM images obviously show that the PANI-CNT nanocomposites have coaxially tube shaped structures with a coating on the surface of tube perimeter. From the TEM images (Fig. 2c, d ) it could be seen that on the surface of PANI-CNT; (Fe‚ Co) oxide nanoparticles were aggregated together to form large clusters. Plotted in Fig. 2e is the size distribution of particles on the surface of PANI-CNT nanocomposites. A really narrow size distribution of the magnetic nanoparticles is found, with sizes mostly falling between 7.0 and 9.0 nm. Utilizing of PANI-g-MWNTs as the supporting materials causes uniform distribution of (Fe‚ Co) oxide nanoparticles on the outer surface of PANI-g-MWNTs with rather uniform particle sizes and prevention of magnetic nano particle agglomeration just as shown in Fig. 2b , d‚ the surface of PANI branches have favorite sites for nucleation and growing of (Fe‚ Co) oxide and render nanoparticles with bead-like morphology (Scheme 1).
Morphological and quantitative details
XRD analysis
According to Fig. 3‚ only one peak is observed in pre annealing sample at position of 2θ = 26.10° which is related to the (002) reflection of CNTs in (Ni‚ Co) oxide-PANI-CNT hybrids [26] ‚ it is due to the amorphous magnetic nanoparticles. It is observed from diffraction pattern of annealed samples that the characteristic peaks at 2θ = 18.23° (440), 30.28° (511), 43.24° (400)‚ 53.74° (311) and 62.89° (111) are matching the PDF2 00-001-1121 well and can be assigned to the CoFe 2 O 4 NPs characteristic peaks. These patterns reveal good crystallinity and rather broad peaks due to smaller particle size. The crystallite size of the prepared nanocomposite was calculated using Scherer's formula:
where d is crystallite size, β is the full width at half maximum of the most intense peak and K is an instrumental constant. The average crystallite sizes of CoFe 2 O 4 is 9.35 nm. Hence, by considering the XRD plot and previous tests it can be resulted that the final materials are nanocomposite based on (Fe‚ Co) oxide (amorphous)-PANI-CNT and CoFe 2 O 4 (crystalline)-CNT before and after annealing, respectively. Magnetic and electromagnetic analyses
VSM analyses
As it can be seen in Fig. 3a , Table 1‚ annealing led to increase of the magnetization intensity; and the sample exhibited ferromagnetic behaviors with soft magnetic feature and smaller H c in comparison with amorphous (Fe‚ Co) oxide; its cause can be attributed to interactions between particles (Fig. 4b) , in the sample annealed, particle density has been increased with atomic diffusion and thus the magnetic interactions between particles are increased. Cobalt and iron are strong magnet therefore the field of A at C now aids the applied field, and C would reverse its magnetization at a lower applied field than if A were absent; the coercivity would therefore be lowered [27] . Furthermore, by annealing the saturation magnetization increased from 1.1 to 3.86 emu/g; in fact exchange interaction in ferromagnetic compounds is positive and spins are orientated in the parallel direction to each other. But when particle size is reduced; a remarkable percent of the atoms and spins are located on the surface of nanoparticles [28] ‚ neighborhood number of atoms on the surface is lower than the atoms inside nanoparticles and so magnetic moments have a tendency to vibrate so as to cause lack of interaction coupling between of the magnetic dipole of atoms on the surface. So, spins irregularity produced a dead layer on the surface of nanoparticles [29] ; with annealing and increased nanoparticles size‚ area of the dead layer decreased and as a result, with increase the total of the magnetic dipole moment‚ the saturation magnetization enlarges. In this nanocomposite‚ charge polarization happened at the interfaces of CNT-PANI and PANI-(Fe‚ Co) oxide; this polarization has emerged due to the difference in electrical conductivity of the components and caused negative and positive charges to stack on both sides of the interfaces and produced a nanocapacitor. As it can be seen in Fig. 5a‚ the amount of stored energy has remained almost constant with increasing frequency in X band; in fact, in the frequency range the electrical dipoles in the structure of the nanocomposite adjusted themselves with the electrical field changes. As Fig. 5b shows, no significant change is observed in the imaginary part of permittivity with increasing frequency. As the theory of materials has been proven‚ complex permittivity and conductivity are linked by the following relationship [30] :
Analysis of the electromagnetic characteristics
where and F are conductivity and frequency, respectively, and ε 0 is the permittivity of free space. In fact, stable imaginary part of permittivity shows an increase in the electrical conductivity with increase of frequency. Since the amount of applied frequencies of this study was not high; therefore, electric dipoles have the ability to adapt themselves with the applied frequency. Similar to what was expressed for the real part of permittivity‚ storage mechanism of magnetic field is magnetic dipole polarization in the direction of the applied field. Since magnetic nanoparticles have easy magnetic axes with the least amount of energy; keeping the magnetic dipoles in directions other than easy axes needs energy consumption and leads to the increase of nanoparticles energy levels. This energy will be stored in the structure of nanocomposite in the form of real permeability. From the constant amount of real part of complex permeability in the whole X band range (Fig. 5c) , it can be concluded that the frequency range is not higher than the frequency of the magnetic dipole comfort; so the magnetic dipoles will be able to arrange along with the applied magnetic field; therefore, the mechanism of magnetic dipole polarization contributes in energy storage. The maximum value of the μ″ (Fig. 5d ) appears at 9.2 and 10.89 GHz implying occurrence of natural resonance in the present (Fe‚ Co) oxide microspheres. As it can be seen in the Fig. 5e , f, magnetic 
′′ , e tan( ) and f tan( ) loss tangent is greater than the dielectric loss tangent; this explains the dominance of magnetic loss mechanisms due to the presence of metal oxide nanoparticles and the dielectric loss mechanisms is due to the presence of carbon nanotubes and conductive polyaniline. Magnetic loss peaks are observed in the Fig. 5f‚ these peaks show ferromagnetic resonance mechanism. In addition, electrical resistance of iron-cobalt oxide nanoparticles against eddy currents created by magnetic fields is the effective mechanism for wave energy loss. With increasing the percent of nanoparticles in the polyurethane matrix; the number of atoms increases and so the mentioned mechanisms for save and dissipation of energy would act more aggressively and finally more energy will be saved or wasted.
Microwave absorption properties
The reflection loss (RL) of electromagnetic fields radiation under usual incidence of the electromagnetic waves on the surface of a single-layer material on the surface of a conductor has been defined by [31] :
where Z in is the input characteristic impedance at the interface of absorber with air, it is related to dielectric and magnetic parameters of absorbent material by the following equation [31] :
where μ r and ε r are the complex permeability and permittivity of the composite, respectively; c is the velocity of light in free space, f is the frequency and d is the thickness of the absorber.
In an ideal absorbent material, input impedance is assumed to be 1 (Z in = 1). Figure 6a shows the variation of reflection loss vs. frequency for standard absorber samples with 2 mm thickness. The average of reflection loss along the whole X band and in the absorption samples based on (Fe‚ Co) oxide-PANI-CNT nanocomposite are around 0.61 and 3.07 dB in samples containing 1 and 10 weight percent of nanocomposite, respectively.
As it can be seen the reflection loss decreases with increase of nanoparticles content. This result can be justified by the truth that enhancement of loading percentage leads to decreasing the possibility of incident microwaves escape; which means high absorption. It can be concluded that‚ increasing the loading of nanocomposite may lead to the multiple reflections; enlarging the rate of absorption and the increasing RL peaks from 9.33 to 11.97 GHz. Reflection be affected of polarization of the incident waves. It has been proved that the parallel waves and perpendicular waves have different polarization and this leads to different reflection coefficients [32] .
Two main mechanisms involved in the increasing of protective effect: the mechanism of reflection due wave impedance step and the mechanism of absorption in which electromagnetic wave energy is converted to other energy such as thermal energy [33] .
The potency of an absorber to absorption depends on many parameters such as: (1) the least amount of reflection from the surface of the adsorbent and (2) the greatest amount of wave sliding inside adsorbent influences in the effective absorption of an adsorbent.
To minimize the reflection of the incident wave to the absorber surface; we should try to get the impedance of free space close to impedance of the adsorbent. By increasing the impedance matching; the amount of absorption increases and thus the effectiveness of dielectric loss and magnetic loss will be greater and in this research magnetic loss and dielectric loss have been together. There are two mechanisms for enhanced wave absorption: (1) electrical polarization of interface and (2) multiple scattering by available defects in the structure of matter [31] . Hence, the composite composed of two dielectric materials (CNT-PANI) and magnetic material (Fe‚ Co) oxide can be used as a high operation and light weight microwave absorber wherein the mechanism of electrical polarization of interface has a positive effect on increasing its absorption ability. C-C bound in carbon nanotubes actually acts as a short circuit‚ therefore causes the high protective and low reflection effect against the incident waves [34] .
From these results, it can be understood that the sketch of multicomponent absorber by various fillers with varied electromagnetic absorption mechanisms is very helpful to raise the reflection loss of the absorbent built. Furthermore optimization of the thickness and the loading percentage of dispersed nanoparticles in matrix may lead to enhance reflection losses.
Conclusions
In this research novel magnetic-dielectric nanocomposite [(Fe‚ Co) oxide-Pani-CNT] with lightweight, thin-layer properties has been successfully synthesized via a simple‚ low cost and effective chemical process. We have also successfully developed a core-shell and sub-cluster structures. The structural and compound characterization was done by FTIR, XRD‚ SEM and TEM. The magnetic and optical properties were also investigated by VSM and UV-Vis, respectively. Finally, we investigated the electromagnetic and microwave absorption properties of the composite in the X band region. From the results it can be inferred that the nice complementarity among magnetic and dielectric loss modifies compliance of the impedance status, which more helps in the absorption and debilitation of the waves. Dielectric loss can be resulted from the polarization in the nanocomposite components and their interface, and ferromagnetic resonance losses and attenuation of microwave within the walls of magnetic domains causes magnetic loss. The samples of absorption with 1 and 10% loading and 2 mm thick showed maximum RL of − 2.14 dB at 9.33 GHz and − 7.32 dB at 11.97 GHz, respectively.
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